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INTRODUCTION 

The Douglas A i r c r a f t  Company received a c o n t r a c t  from t h e  A i r  Force t o  
s tudy t h e  e f f e c t s  of broadening t h e  s p e c i f i c a t i o n s  f o r  JP-4 and JP-8 f u e l  on  
t h e  performance and c o s t  of a l l  USAF a i r c r a f t  p r e s e n t l y  us ing  JP-4 as w e l l  
a s  those  expected t o  be introduced i n t o  t h e  f o r c e  s t r u c t u r e  by 1983. 
Phase I of t h i s  s tudy w a s  t o  determine a n a l y t i c a l l y  t h e  e f f e c t s  of t h e s e  
s p e c i f i c a t i o n  changes on minimizing f u e l  c o s t  and maximizing t h e  f u e l  
availability/flexibility without  degrading performance, s a f e t y ,  and 
survivability/vulnerability. 

The maximum v a r i a t i o n s  t o  t h e  proper ty  s p e c i f i c a t i o n s  t o  be considered 
were a s  shown i n  t a b l e  I. 
e r t y  v a r i a t i o n  e f f e c t s  on f u e l s ,  P r a t t  & Whitney A i r c r a f t  Group s tud ied  t h e  
e f f e c t s  on engines ,  and McDonnell Douglas s tud ied  t h e  e f f e c t s  on t h e  a i r -  
frame. 

Union O i l  Company w a s  chosen t o  s tudy t h e  prop- 

HIGHLIGHTS OF FUEL SUPPLY STUDY 

Union O i l  Company ob ta ined  twenty-four f o r e i g n  and n ine  domestic crude 
a s says  which contained s u f f i c i e n t  d a t a  t o  c o r r e l a t e  f r e e z e  po in t  and smoke 
p o i n t  wi th  i n i t i a l  b o i l i n g  p o i n t  and f i n a l  b o i l i n g  poin t .  
examined t o  determine t h e  e f f e c t s  on f u e l  a v a i l a b i l i t y ,  f u e l  c o s t s ,  and hy- 
drogen conten t  ( a n  important  f a c t o r  i n  engine l i f e ) ,  when varying t h e  f u e l  
p r o p e r t i e s  t o  t h e  maximum amount shown i n  t a b l e  I. 

Th i s  d a t a  w a s  

When comparing t h e  change from t h e o r e t i c a l  y i e l d s  of present  specif  i ca-  
t i o n s  t o  proposed s p e c i f i c a t i o n s ,  y i e l d s  would i n c r e a s e  as  shown i n  
t a b l e  11. 
b o i l i n g  l i m i t s  i n  a narrow c u t  product  t h a t  are made p o s s i b l e  by a n  exten- 
s i o n  of t h e  f r e e z e  p o i n t  l i m i t s .  Reasonable q u a n t i t a t i v e  e f f e c t s  of f u e l  
s p e c i f i c a t i o n  v a r i a t i o n s  on m i l i t a r y  f u e l  p r i c e s  could no t  be determined 
because of extreme market i n s t a b i l i t y .  

Th i s  l a r g e  i n c r e a s e  i n  JP-8 i s  due wholly t o  the  ex tens ion  of 

Seven s e l e c t e d  c rudes  were analyzed f o r  changes i n  hydrogen content  
which would r e s u l t  from t h e  changes i n  s p e c i f i c a t i o n s .  
weighting system as used f o r  volume e f f e c t s ,  t h e  change i n  hydrogen content  
i s  predic ted  t o  be 0.3% lower (0.17 w t  % H I .  

Based on a s i m i l a r  

HIGHLIGHTS OF ENGINE STUDY 

The o v e r a l l  o b j e c t i v e  of t h e  engine manufacturer e f f o r t  i n  Phase I w a s  
t o  assess t h e  impact of broadened-specif icat ion f u e l s  on t h e  performance and 
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d u r a b i l i t y  of  g a s  t u r b i n e  engines  used i n  USAF a i r c r a f t .  The va r ious  
engine- re la ted  parameters  addressed i n  t h i s  phase of t h e  program inc luded  
i g n i t i o n  c h a r a c t e r i s t i c s ,  combustion e f f i c i e n c y ,  emissions,  thermal  loads,  
burner  e x i t  t e m p e r a t u r e  d i s t r i b u t i o n ,  e ros ion ,  and coking of t h e  f u e l  SYS- 
t e m .  The s e n s i t i v i t y  of t h e s e  parameters  w a s  d i scussed  wi th  regard t o  t h e  
proposed r e l a x a t i o n s  of c u r r e n t  JP-4 and JP-8 f u e l  s p e c i f i c a t i o n s  shown i n  
t a b l e  I. 

A f u e l  c h a r a c t e r i z a t i o n  s tudy  w a s  performed t o  determine t h e  e f f e c t s  of 
t h e  proposed changes i n  JP-4 and JP-8 f u e l  s p e c i f i c a t i o n s  on f u e l  hydrogen 
content .  Through t h e  use  of i n t e r p r o p e r t y  c o r r e l a t i o n s ,  a change from cur- 
r e n t  JP-4 and JP-8 f u e l  va lues  of  f i n a l  b o i l i n g  p o i n t  and smoke po in t  t o  t h e  
proposed s p e c i f i c a t i o n  l i m i t s  i s  p r e d i c t e d  t o  dec rease  c u r r e n t  f u e l  va lues  
of hydrogen c o n t e n t  by 0.25 ( %  by weight) .  

Thermal ana lyses  were performed on  combustor l i n e r  and t u r b i n e  a i r f o i l  
t e m p e r a t u r e s  i n  two USAF engines :  
c r e a s e s  i n  t u r b i n e  a i r f o i l  t empera tures  were found t o  be  n e g l i g i b l e  f o r  both 
engines  ( f i g s .  1 and 2). 

t h e  557-59W and t h e  F100-PW-100. In- 

The Phase I e f f o r t  concluded t h a t  t h e r e  would be a s m a l l  i n c r e a s e  i n  
maintenance c o s t s  due t o  a small  dec rease  i n  combustor l i f e .  The s tudy 
showed t h a t  t h e  proposed re laxed  s p e c i f i c a t i o n s  would have a n e g l i g i b l e  ef-  
f e c t  on v i s i b l e  smoke emissions.  
a r e  expected t o  have no impact on  engine  performance, wi th  t h e  except ion  of 
i g n i t i o n  c a p a b i l i t y ,  r e l a t i v e  t o  c u r r e n t  JP-4 and JP-8 f u e l s .  The h igher  
v i s c o s i t y  and lower v o l a t i l i t y  of t h e  broadened-property f u e l s  may have an  
adverse  e f f e c t  on i g n i t i o n  c a p a b i l i t i e s  when f u e l  and/or  a i r  t e m p e r a t u r e s  
are r e l a t i v e l y  low (cold-day ground s t a r t s  and a l t i t u d e  i g n i t i o n ) .  The ex- 
t e n t  of  t h i s  e f f e c t  depends on both  ope ra t ing  c o n d i t i o n s  and t h e  p a r t i c u l a r  
engine employed and cannot  be p red ic t ed  because of a l a c k  of p e r t i n e n t  
da t a .  However, t h e  incrementa l  e f f e c t  of t h e  broadened-property f u e l s  on 
i g n i t i o n  c a p a b i l i t i e s  r e l a t i v e  t o  c u r r e n t  JP-4 and JP-8 f u e l s  i s  expected t o  
be less than  t h e  incrementa l  e f f e c t  a s s o c i a t e d  wi th  t h e  u s e  of JP-5 r e l a t i v e  
t o  JP-4 fue l .  

The broadened-property JP-4 and JP-8 f u e l s  

HIGHLIGHTS OF AIRFRAME STUDY 

The main o b j e c t i v e  of t h e  a i r f r ame  manufacturer  e f f o r t  i n  Phase I w a s  
t o  determine t h e  e f f e c t  of  broadened-spec i f ica t ion  f u e l s  on a i r c r a f t  f u e l  
system performance. I t  was beyond t h e  scope o f - t h i s  program t o  s tudy a l l  
t h e  a i r p l a n e s  i n  t h e  A i r  Force  inventory .  
( f i g .  3)  were s e l e c t e d  f o r  t h i s  study. Together  t h e s e  a i r c r a f t  consume 75% 
o r  more of t h e  f u e l  used by t h e  USAF. 

"High f u e l  user" a i r p l a n e s  

The f u e l  systems and f u e l  management methods of each  a i r p l a n e  were 
s tud ied  t o  e v a l u a t e  t h e  e f f e c t  on  t h e  system performance of ope ra t ing  wi th  
t ank  f u e l  temperatures  n e a r  t h e  f r e e z e  poin t .  The recovery temperature  was 
used a s  a means of p r e d i c t i n g  minimum i n f l i g h t  f u e l  temperatures  and t h e  
r e l a t i o n s h i p  w i t h  maximum a l lowable  f r e e z e  po in t s .  It i s  recognized t h a t  
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t he  use of MIL-STD-210B and t h e  a i r c r a f t  recovery temperatures i s  a f a i r l y  
conservat ive approach; however, a less conserva t ive  approach could not  be 
j u s t i f i e d  with the  l imi ted  amount of d a t a  t h a t  i s  a v a i l a b l e  on t h i s  subject .  

Using t h e  se l ec t ed  approach, with some cons idera t ion  of f l i g h t  condi- 
t i o n s  ( f i g s .  4 and 51, i t  w a s  determined t h a t  a l l  t he  a i r p l a n e s  i n  the  study 
could ob ta in  t ank  f u e l  temperatures below t h e  present  maximum allowable 
f r eeze  poin t  of both JP-4 and JP-8. 
maximum allowable f r e e z e  poin t  of JP-4 o r  JP-8 cannot be increased without 
degrading system performance and s a f e t y  a s  c r i t i c a l  condi t ions  are ap- 
proached. 

It was the re fo re  concluded t h a t  t h e  

CONCLUSIONS 

Major conclusions from the  fuel /engine/airframe t radeoff  study were a s  
follows: 

1. An increased f r e e z e  poin t  i s  quest ionable  because of a d a t a  base 

2. There w a s  no impact on engine performance, t u rb ine  d u r a b i l i t y ,  and 

3. There was a s m a l l  maintenance c o s t  increase  as a r e s u l t  of a small 

4. Using JP-4 a s  standard f u e l  w i l l  avoid t h e  u s e  of high-demand 

5. Extensive use  of JP-8 i n  the  United S t a t e s  w i l l  increase  middle- 

pro b 1 em. 

coking. 

combustor l i f e  decrease.  

midd le -d i s t i l l a t e  f u e l s  and g ive  producers f l e x i b i l i t y .  

d i s t i l l a t e  demand and cause a s l i g h t  increase  i n  engine hot-section main- 
t enance. 

6. There i s  need f o r  an accepted s i n g l e  f l i g h t  model. 
7. Present a i r e r a f  t opera t ions  and sys tems a r e  freeze-point s ens i t i ve .  

RE C O W  NDAT IONS 

Recommendations f o r  USAF a c t i o n  and f u r t h e r  study are a s  follows: 

1. An experimental  study of the  e f f e c t  of f u e l  p rope r t i e s  on engines 
should be made, including carbon formation, depos i t ion ,  and erosion;  f u e l  
thermal s t a b i l i t y  and coking i n  a c t u a l  systems;  and a f t e rbu rne r  perf ormance 
and du rab i l i t y .  

2. An improved d u r a b i l i t y  combustor l i n e r  design and development pro- 
gram (new des ign  and r e t r o f i t )  should be conducted. 

3. The a c t u a l  f r e e z e  point  ( n o t  s p e c i f i c a t i o n  maximum) should be used 
f o r  d i spa tch  evaluat ions.  

4. A i r c r a f t  sys tems and procedures f o r  opera t ions  near  t he  a c t u a l  
f reez ing  poin t  should be reviewed. 

5. Tests should be conducted with s p e c i a l  blend f u e l  a t  broadened- 
property l i m i t s .  

6. Future  a i r c r a f t  s t u d i e s  should include a i r p l a n e  and systems design- 
c o s t  trade-off s f o r  higher  freeze-point tolerance.  
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TABLE I 

PROPOSED SPECIFICATION CHANGES 

FREEZE POINT,'F ('C) JP-4 JP-8 
PRESENT SPECIFICATION, MAXIMUM -72 (-58) -58 (-50) 

PROPOSED SPECIFICATION, MAXIMUM --58(-50) -40 (-40) 
PROPOSED VARIATION +14( 8) - +18( 10) 

FINAL BOILING POINT. O F  I°C\ 
PRESENT SPECIFICATION, MAXIMUM 518 (270) 572 (300) 
PROPOSED VARIATION +*( 14) - +25( 14) 
PROPOSED SPECIFICATION, MAXIMUM 543 (284) 597 (314) 

SMOKE POINT, mm 
PRESENT SPECIFICATION, MINIMUM 20' 

-2 PROPOSED VARIATION - 
PROPOSED SPECIFICATION, MINIMUM 18 

a. MAXIMUM 3.0 VOLUME PERCENT NAPHTHALENES 

TABLE II 

EFFECT OF SPECIFICATION CHANGE ON YIELD 

FUEL TYPE 

JP-4 

JP-8 

PERCENTAGE INCREASE 

8.5-9.0 

41-62 
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FIGURE 1 

557 LINER TEMPERATURE PARAMETER AT CRUISE CONDITION 
COMPARED WITH THE BLAZOWSKI CORRELATION 
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FIGURE 2 

EFFECT OF FUEL SPECIFICATION R E W T I O N S  ON INCREASE 
IN AVERAGE COMBUSTOR LINER TEMPERATURES 
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FUEL USE 
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FIGURE 3 

PROJECTED FUEL USE 
NOTE SHADED AREAS SHOW FUEL USED OVERSEAS 
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FIGURE 4 

C-130 ADIABATIC WALL TEMPERATURE 

TEMPERATU 

46 



FIGURE 5 

ALLOWABLE FREEZE POINT INCREASE ("C) 
NOTES 

1. OUTSIDE AIR TEMPERATURES FROM MIL-STD-2lOB. ONE DAY PER YEAR RISK 
MINIMUM TEMPERATURES 

2. BASED ON ADIABATIC WALLTEMPERATURES 

KC-1OA c-9 8-52 C-130 C-135 c-141 E E F-15 

JP-8 

MAXIMUM RANGE - HEAVY 0.5 -3.0 -5.0 -13.0 -4.0 -5.0 -3.5 4.5 
MAXIMUM RANGE - UGHT -3.5 -6.5 -11.5 -16.5 -8.5 --9.5 3 -0.5 -4.0 
MAXIMUM ENDURANCE - LIGHT -14.5 -14.0 -19.5 -13.5 -18.5 -15.0 -7.5 -10.0 

JP-4 

MAXIMUM RANGE - HEAVY 8.5 5.0 3.0 -5.0 4.0 3.0 4.5 12.5 9.5 
MAXIMUM RANGE - UGHT 4.5 1.5 & -8.5 -0.5 -1.5 -0.5 7.5 4.0 
MAXIMUMENDURANCE-LIGHT 3 -6.5 -6.0 --11.5 -10.5 -7.0 0.5 -2.0 
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